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(57) ABSTRACT 

A wavelength-selective routing capability is provided in a 
single network element by con?guring the network element 
using a combination of add/drop network elements to route 
individual optical channels of WDM signals among a plu 
rality of optical transmission paths coupled to the network 
element. Any optical channel of any WDM signal received 
at the network element can be selectively added, dropped, or 
routed among the multiple optical transmission paths within 
and external to the node. 
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WAVELENGTH-SELECTIVE ROUTING USING AN 
OPTICAL ADD/DROP ARCHITECTURE 

TECHNICAL FIELD 

[0001] The invention relates generally to optical commu 
nication systems employing wavelength division multiplex 
ing (WDM) and, more particularly, to selectively routing 
individual optical channels at a network element in such 
optical communication systems. 

BACKGROUND OF THE INVENTION 

[0002] Optical ?ber is fast becoming a transmission 
medium of choice for many communication networks 
because of the speed and bandwidth advantages associated 
with optical transmission. In addition, WDM is used to meet 
the increasing demands for more capacity in optical com 
munication networks. As is well known, WDM combines 
many optical channels each at a different wavelength for 
simultaneous transmission as a composite optical signal in a 
single optical ?ber. 

[0003] Management of this increased capacity in WDM 
systems, e.g., managing the routing of communications 
traf?c in many different optical channels on a wavelength 
by-wavelength basis, is an important aspect of many WDM 
based communication networks. For example, a desirable 
feature for many WDM networks is the capability to change 
routing of tra?ic among the different optical channels at 
certain nodes in the network to accommodate different 
users’ requirements or changing requirements of a particular 
user. Certain types of network elements are deployed in 
WDM networks for such purposes. By way of example, 
cross-connects, add/drop multiplexers, optical switching 
arrangements, and the like are used at nodes in a WDM 
network to change the routing of individual optical channels 
(e.g., via cross-connections), to add or drop selected optical 
channels at particular nodes, and so on. 

[0004] FIG. 1 shows one exemplary node 100 in a typical 
WDM network that is interconnected to many other nodes 
(not shown) by respective WDM optical line systems 101 
104 via transmission paths 111-114. Although node 100 is 
shown in simpli?ed form, it is assumed for this example that 
each of optical line systems 101-104 supports bidirectional 
communication via paths 111-114, wherein multiple optical 
?bers may be employed for such purpose. As such, it is also 
assumed that each of transmission paths 111-114 carries one 
or more WDM signals each having a number of optical 
channels. 

[0005] In a so-called large node con?guration, for 
example, node 100 might typically include a network ele 
ment such as cross-connect 120 to switch or otherwise route 
traf?c carried by individual optical channels of the WDM 
signals from one transmission path to another. For example, 
cross-connect 120 might be used to route communications 
traf?c from an optical channel in the incoming WDM signal 
on path 111 to an optical channel in the outgoing WDM 
signal on path 114. Various cross-connect network elements 
employing either electronic, optical, or other switching 
fabrics are known to those skilled in the art. In general, these 
cross-connects are typically very costly and add a signi?cant 
amount of complexity at a given node in the network. As 
such, cross-connects are generally reserved for use at the 
so-called larger network nodes. Add/drop multiplexers and 
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other less costly and less complex network elements are 
typically found in the other network nodes that provide some 
limited routing functionality. However, these types of net 
work elements are generally only used for managing a 
subset of the total number of optical channels that are being 
dropped and added in the WDM signal being processed at 
that node. 

[0006] Accordingly, it would be desirable to provide a 
lower cost and more robust wavelength-selective routing 
capability at nodes in a WDM network that do not have a 
cross-connect network element or the like. 

SUMMARY OF THE INVENTION 

[0007] A robust wavelength-selective routing capability is 
provided in a single network element according to the 
principles of the invention by con?guring the network 
element using a combination of add/drop network elements 
to route individual optical channels of WDM signals among 
a plurality of optical transmission paths coupled to the 
network element. In this manner, any optical channel of any 
WDM signal received at the network element can be selec 
tively added, dropped, or routed among the multiple optical 
transmission paths within and external to the node. 

[0008] In one illustrative embodiment, a network element 
is con?gured as a so-called mesh node and is coupled to each 
of a plurality of optical transmission paths via a respective 
interface, wherein each optical transmission path carries a 
WDM signal having a plurality of optical channels. By way 
of example only, each of the transmission paths may be 
coupled to another node in the WDM network via one or 
more optical ?bers. At each interface in the network ele 
ment, an add/drop routing element is provided for receiving 
the respective WDM signal, selectively dropping individual 
optical channels at the network element, selectively adding 
individual optical channels for transmission with other opti 
cal channels on any of the transmission paths via a respec 
tive interface, and for selectively routing individual optical 
channels to any of the other interfaces for transmission in 
any of the other respective transmission paths. In one 
exemplary embodiment, the add/ drop routing element 
includes an optical distributor portion for receiving a respec 
tive WDM signal, dropping selected optical channels from 
the WDM signal, and selectively routing the remaining 
optical channels to one of the other interfaces. The add/ drop 
routing element also includes an optical combiner portion 
for adding individual optical channels to the WDM signal 
and for combining the optical channels being added with 
optical channels supplied from one or more other add/drop 
routing elements associated with the other interfaces. 

[0009] According to the principles of the invention, both 
a wavelength-selective routing function as well as an optical 
add/drop function is therefore provided in a single network 
element that is connected to a plurality of optical transmis 
sion paths. By using an add/ drop architecture to provide both 
routing and add/drop capabilities, a solution is therefore 
provided for use at nodes that do not have a cross-connect 
switch. Moreover, costly transponders that would otherwise 
be used at a node to interface to multiple optical line systems 
and transmission paths are not needed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] A more complete understanding of the present 
invention may be obtained from consideration of the fol 
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lowing detailed description of the invention in conjunction 
With the drawing, With like elements referenced With like 
reference numerals, in Which: 

[0011] FIG. 1 shoWs a simpli?ed block diagram of a 
typical netWork node employing an optical cross-connect for 
routing optical channels among a plurality of transmission 
paths coupled to the node; and 

[0012] FIG. 2 is a simpli?ed block diagram of one illus 
trative embodiment of the invention. 

DETAILED DESCRIPTION 

[0013] FIG. 2 shoWs a simpli?ed block diagram of a 
netWork element according to one illustrative embodiment 
of the invention. As shoWn, netWork element 200 includes 
four interfaces 201-204, labeled for simplicity as North, 
East, South, and West respectively. Each of interfaces 201 
204 includes the same elements and, as such, only interface 
204 and its associated elements Will be described in detail 
for sake of brevity. Accordingly, only interface 204 includes 
reference numerals for simplicity of illustration. 

[0014] Interface 204 receives an incoming WDM signal 
via optical transmission path 210. Optionally, optical ampli 
?er 211 can be used to amplify the WDM signal in a 
conventional manner. The need for ampli?cation and differ 
ent ampli?cation schemes Will be apparent to those skilled 
in the art and are a matter of design choice based on factors 
such as required signal levels, loss “budget” for the system, 
nodes, and so on. 

[0015] At interface 204, the ampli?ed optical signal is 
supplied to an add/drop routing element that comprises an 
optical distributor portion 212 and an optical combiner 
portion 225. More speci?cally, the WDM signal is supplied 
to optical distributor portion 212 Which may include, among 
other components, optical demultiplexer 214. Optical 
demultiplexer 214 separates the WDM signal into its indi 
vidual optical channels, e.g., Wavelength channels. Many 
commercially available devices can be used to provide the 
demultiplexing function of optical demultiplexer 214. By 
Way of example, an arrayed Waveguide grating (AWG), 
commonly referred to as a Waveguide grating router (WGR), 
is one such optical demultiplexer although there are numer 
ous other devices that are suitable for extracting one or more 
optical channels of particular Wavelengths from a WDM 
signal. For example only, other devices include, but are not 
limited to, thin ?lm ?lters, grating-based arrangements, and 
so on. 

[0016] At the output of optical demultiplexer 214, indi 
vidual optical channels can be dropped via intra-node trans 
mission path 213. Other components needed for extracting 
the optical channels to be dropped are not shoWn here, e.g., 
?lters, receivers, and so on, hoWever, various Well-knoWn 
techniques and components are suitable for dropping 
selected ones of optical channels from the demultiplexed 
WDM signal. The selective dropping of particular optical 
channels can be controlled via standard control techniques 
used in WDM systems having add/drop elements, e.g., 
messaging and commands via system and board-level con 
trollers, supervisory channels, and so on. 

[0017] The optical channels that are not dropped at inter 
face 204 in netWork element 200 are selectively routed to 
any of the other interfaces 201-203 via intra-node transmis 
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sion paths 215-217, respectively. Again, the selective rout 
ing of particular optical channels via intra-node transmission 
paths 215-217 can be controlled via standard control tech 
niques used in WDM systems having add/drop elements, 
e.g., messaging and commands via system and board-level 
controllers, supervisory channels, and so on. 

[0018] It Will be appreciated by those skilled in the art that 
a typical arrangement in WDM systems for dropping indi 
vidual channels from a WDM signal might employ a scheme 
Whereby an incoming WDM signal is separated into tWo 
paths (e.g., via a splitter, interleaver, and the like). One of the 
tWo paths could then be used for normaliZed through rout 
ing, also commonly referred to as “express” routing. Optical 
channels in this path Would not be capable of being dropped. 
In the other path, the optical channels could either be 
dropped or routed through to be combined again With the 
channels being expressly routed in the other of the tWo 
paths. 

[0019] By contrast, the optical distributor portion 212 in 
the present embodiment shoWn in FIG. 2 Would require an 
optical demultiplexing capability or suitable alternative 
arrangement that is capable of receiving a single incoming 
WDM signal and routing the WDM signal and/or individual 
optical channels in the WDM signal in one of four different 
Ways. In particular, one signal or group of signals Would be 
routed for drop via path 213, While the other three groups of 
signals (e.g., optical channels) Would be selectively routed 
to one or more of the three other interfaces 201-203. As 
such, it is contemplated in one illustrative embodiment that 
such an optical distributor arrangement Would be con?gured 
With additional components to alloW for independent optical 
sWitching of the individual optical channels to each of the 
intra-node transmission paths 213 and 215-217. By Way of 
example only, a 1x4 optical sWitch could be employed for 
each of the optical channels to facilitate routing among the 
various paths. 

[0020] Alternatively, another design alternative could 
employ the “express” routing technique described above 
Whereby one of the intra-node transmission paths, e.g., path 
216, Would be used to expressly route selected ones of the 
optical channels in the incoming WDM signal from interface 
204 to interface 202, by Way of example. The remaining 
optical channels not being expressly routed via path 216 
could either be dropped at interface 204 or not dropped and 
routed onto one of the intra-node transmission paths 215 
217. For example, those optical channels in this category 
that are to be routed to interface 202 could be recombined 
With the optical channels being expressly routed to interface 
202. Other alternatives Will be apparent to those skilled in 
the art. It should also be noted that various technologies, 
noW knoWn or later developed, are contemplated for use in 
optical distributor portion 212. By Way of illustration and 
not of limitation, such technologies might include micro 
electromechanical systems (MEMS) and so on. 

[0021] Interface 204 further includes an optical combiner 
portion 225, Which may include, among other elements, a 
Waveguide grating router (WGR) 226 and an optical poWer 
combiner 227. WGRs and poWer combiners are Well-known, 
commercially available devices. Other suitable devices may 
also be used for adding one or more optical channels of 
particular Wavelengths to a WDM signal and Will be appar 
ent to those skilled in the art. In the present embodiment, 
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WGR 226 is used for adding selected optical channels to the 
WDM signal at interface 204 in network element 200. Other 
components needed for inserting the optical channels to be 
added are not shoWn here, e.g., transmitters and so on. The 
selective adding of particular optical channels can be con 
trolled via standard control techniques used in WDM sys 
tems having add/drop elements, e.g., messaging and com 
mands via system and board-level controllers, supervisory 
channels, and so on. 

[0022] PoWer combiner 227 receives multiple inputs 
including the optical channels being added via WGR 226 at 
interface 204 as Well as the optical channels being routed to 
interface 204 from the other interfaces 201-203 via intra 
node transmission paths 231-233 respectively. PoWer com 
biner 227 then combines the optical channels for transmis 
sion as a composite WDM signal from interface 204 via path 
235. 

[0023] It Will be appreciated by those skilled in the art that 
a typical poWer combiner operates to combine tWo inputs to 
generate a single output signal. As such, the embodiment 
shoWn in FIG. 2 Would require a poWer combiner arrange 
ment or suitable alternative arrangement that is capable of 
combining signals from four sources. That is, a ?rst signal 
or group of signals representing the optical channels being 
added at interface 204 (e.g., via WGR 226), as Well as three 
other signals or groups of signals representing the optical 
channels being routed to interface 204 from each of the other 
interfaces 201-203. 

[0024] As described, the add/drop routing elements in 
each of the other interfaces 201-203 Would operate in a 
similar manner as described above for interface 204. By 
interconnecting multiple add/ drop routing elements via mul 
tiple intra-node transmission paths betWeen multiple inter 
faces 201-204, netWork element 200 effectively operates as 
a so-called mesh node Whereby multiple WDM signals can 
originate from and be received by netWork element 200 and 
Whereby individual optical channels from any one of the 
WDM signals can be routed to and combined With any one 
of the other WDM signals in accordance With the principles 
of the invention. Moreover, add/drop principles and add/ 
drop components are used to provide this robust routing 
capability. As such, an add/drop capability is therefore 
provided at each of the interfaces so that any of the indi 
vidual optical channels received by a particular interface can 
be dropped and any individual optical channel can be added 
at the respective interface. Consequently, netWork element 
200 provides a Wavelength-selective routing capability as 
Well as an add/drop capability at a single node that alloWs for 
interfacing to a plurality of optical line systems Without the 
need for a large scale cross-connect and the like. 

[0025] According to another aspect of the invention, a 
control and monitoring arrangement Would be used to con 
trol Which optical channels are to be added and/or dropped 
at netWork element 200 as Well as the selection of appro 
priate routing paths, e.g., intra-node transmission paths, for 
those optical channels being routed from interface 204 to 
one or more of the other interfaces 201-203. Among other 
functions to be carried out by such a control and monitoring 
arrangement, a remote provisioning feature is contemplated 
as Well as a collision-avoidance feature to prevent signal 
collisions With optical channels having the same Wave 
lengths in the various add, drop, and intra-node transmission 
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paths. This control and monitoring arrangement could be 
softWare-based in one illustrative embodiment. 

[0026] The foregoing embodiments are merely illustrative 
of the principles of the invention. Those skilled in the art Will 
be able to devise numerous arrangements, Which, although 
not explicitly shoWn or described herein, nevertheless 
embody those principles that are Within the scope of the 
invention. By Way of example only, it is contemplated that 
some of the teachings in Us. patent application Ser. No. 
09/896,248 entitled “Wavelength-Selective Add/Drop 
Arrangement for Optical Communication Systems” Would 
be applicable, consistent With the teachings herein, in deriv 
ing other alternative arrangements for performing the func 
tions of optical distributor portion 212 and optical combiner 
portion 225. Other substitutions and modi?cations Will also 
be apparent to those skilled in the art in vieW of Well-knoWn 
netWork and system design principles and further in vieW of 
the teachings herein and, as such, are contemplated for use 
according to the principles of the invention. Accordingly, the 
embodiments shoWn and described herein are only meant to 
be illustrative and not limiting in any manner. The scope of 
the invention is limited only by the claims appended hereto. 

1. A netWork element coupled to a plurality of optical 
transmission paths via respective interfaces, Wherein each 
optical transmission path carries a Wavelength division 
multiplexed (WDM) signal having a plurality of optical 
channels, the netWork element comprising: 

at each interface, an add/drop routing element for receiv 
ing a WDM input signal, for selectively dropping 
individual optical channels from the WDM input signal 
at the netWork element, for selectively adding indi 
vidual optical channels for transmission in a WDM 
output signal, each interface comprising a plurality of 
intra-node outputs for selectively routing individual 
optical channels from the WDM input signal to one or 
more of a plurality of the other interfaces for transmis 
sion in any of the plurality of optical transmission 
paths. 

2. The netWork element according to claim 1, Wherein the 
add/drop routing element includes: 

an optical distributor portion adapted for receiving the 
WDM input signal, for dropping selected optical chan 
nels from the WDM input signal, and for selectively 
routing remaining optical channels to one of the other 
interfaces; and 

an optical combiner portion adapted for adding individual 
optical channels to the WDM output signal and further 
adapted for receiving and combining optical channels 
supplied from one or more other add/drop routing 
elements associated With other interfaces With the indi 
vidual optical channels being added to generate the 
WDM output signal. 

3. The netWork element according to claim 2, Wherein 
individual optical channels are capable of being selectively 
routed among any of the plurality of optical transmission 
paths via the respective interfaces. 

4. The netWork element according to claim 2, Wherein the 
optical distributor portion includes an optical demultiplexer 
operable to separate individual optical channels in the WDM 
input signal so that selected optical channels can be dropped 
from the WDM input signal and so that individual optical 
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channels not being dropped can be routed to one or more 
interfaces associated With each of the other plurality of 
optical transmission paths. 

5. The netWork element according to claim 2, Wherein the 
optical combiner portion includes: 

an optical multiplexer operable to selectively add indi 
vidual optical channels at a respective interface; and 

an optical combiner for combining the optical channels 
being added at the respective interface With optical 
channels supplied from the one or more other add/ drop 
routing elements associated With the other interfaces. 

6. A method of selectively routing individual optical 
channels of a Wavelength division multiplexed (WDM) 
signal at a node having a plurality of optical interfaces each 
coupled to a respective optical transmission path, the 
method comprising: 

receiving a WDM input signal at a ?rst optical interface; 

selectively dropping individual optical channels from the 
WDM input signal at the ?rst optical interface; 

selectively routing individual optical channels not being 
dropped at the ?rst optical interface over a plurality of 
intra-node transmission paths to one or more of the 
other plurality of optical interfaces via a respective 
intra-node optical transmission path; and 

combining individual optical channels being added to a 
WDM output signal at the ?rst optical interface With 
optical channels received from the other of the plurality 
of optical interfaces via the respective intra-node opti 
cal transmission paths for transmission as a WDM 
output signal from the node, 

Oct. 12, 2006 

Wherein individual optical channels are capable of being 
selectively routed among the plurality of optical trans 
mission paths via the plurality of optical interfaces. 

7. A node having a mesh topology for selectively routing 
individual optical channels of a Wavelength division multi 
plexed (WDM) optical signal, Wherein the node is coupled 
to a plurality of optical transmission paths via respective 
interfaces, the node comprising: 

a plurality of add/drop routing elements each coupled to 
one of the plurality optical transmission paths, 

Wherein each of the plurality of add/ drop routing elements 
includes: 

an input for receiving a WDM input signal, 

an optical router for dropping selected optical channels 
from the WDM input signal and for selectively 
routing optical channels not being dropped via a 
plurality of intra-node transmission paths to one or 
more other add/drop elements in the node, 

an optical combiner coupled to each of the one or more 
intra-node transmission paths for receiving and com 
bining optical channels being added at the node With 
optical channels supplied from the one or more other 
add/ drop elements in the node, and 

an output for generating a WDM output signal com 
prising optical channels supplied from any of the 
plurality of add/drop elements and optical channels 
being added at the node. 

* * * * * 


